Because natal dispersal affects both individual fitness and population persistence, it is important to understand how dispersers are affected by habitat heterogeneity. To explore the effect of habitat on dispersal, we compared the ecology and natal dispersal of red squirrels (Tamiasciurus hudsonicus) originating from mature forest and adjacent commercially thinned forest. Because individuals living along the edge between the 2 forest types were more likely to have experience in both habitats, we classified squirrels according to habitat type (mature or thinned) and position (edge or deep within forest). Using livetrapping and radiotelemetry, we compared 4 habitats in terms of juvenile settlement patterns, surrogate measures of fitness, and population demography. Mature forest appeared to represent the highest quality habitat: mean density, mean overwinter survival, probability of surviving the field season, and success at raising !1 juveniles to emergence were higher in mature forest. However, the majority of juveniles from all habitats settled close to their natal territory, and with the exception of juveniles living along the edge of mature forest, juveniles settled within their habitat of origin. Juveniles living along mature edge biased their settlement for deep within mature forest. It appears that dispersal outcomes were affected by a combination of experience and opportunity. There are few, if any, other studies that have simultaneously compared demography, dispersal movements, and settlement patterns across contrasting habitats. While rare, studies such as this that link individual behavior and population theory are vital to effective population and landscape management.
The ability to successfully predict how populations respond to habitat heterogeneity is a long-standing goal of conservationists, managers, and theoreticians (Garshelis 2000) . Although researchers often characterize population level responses to attain this goal (using indices of abundance and mark-recapture methodologies-e.g., Martin et al. 2001; Sullivan and Moses 1986; Wolff and Zasada 1975) , recent studies stress the need for more data on individual responses (Gavin 1991; Travis and French 2000; Van Horne 1983; Wiens et al. 1993) . By themselves, population measures can result in ambiguity and misinformation: it is the individual that responds to heterogeneity, creating the pattern that in turn generates community scale phenomena (Wiens 1976; Wiens et al. 1993) .
A key individual behavior likely affected by habitat heterogeneity is dispersal. An abundance of theory exists to explain how animals distribute themselves across habitats of variable quality, depending on their sociality (Fretwell and Lucas 1969) , density (Fretwell and Lucas 1969; Greene and Stamps 2001; Pulliam and Danielson 1991) , habitat geometry , and individual experience (Morris 1991; Pärt 1995; Stamps 1987) . Proximately, these large scale patterns of habitat use result from patterns of dispersal, commonly defined as the movement of individuals causing population redistribution (Turchin 1998) . Dispersal has been extensively studied, but with perhaps questionable success (Clobert et al. 2001) . Multiple mechanisms might be involved in determining an individual's dispersal outcome (Dobson and Jones 1985) , and high levels of variation between individuals (Bekoff et al. 1989 ) and seasonal stochasticity can make prediction difficult. For example, natal dispersal (i.e., the dispersal of juveniles from the natal area to the site of first potential breeding Greenwood 1980) can be influenced by factors such as habitat imprinting (e.g., Wecker 1963) , maternal and conspecific aggression (see discussion in Wolff 1993) , number of siblings (Massot and Clobert 2000) , maternal nutrition (Massot and Clobert 1995) , body size (O'Riain et al. 1996) , or the year or timing of birth (Adriaensen et al. 1998) .
Because of the difficulty of following mobile individuals, dispersal often is studied using methods such as computer modelling (e.g., Hiebeler 2000; SchjØrring 2002; Tischendorf 1997; Tyre et al. 1999) or experimental manipulation (e.g., Middleton and Merriam 1981) . Observational studies of individual dispersal outcomes are both temporally and monetarily costly and therefore not as common (Tyre et al. 1999; Waser and Wiley 1979 ; but see Larsen and Boutin 1994) . Even studies that do an otherwise thorough examination of the effects of habitat heterogeneity on animal populations often lack information on dispersal (e.g., Herbers 2001; Kirsch 1996; Wheatley et al. 2002) .
One species that is relatively amenable to studies of both demography and natal dispersal is the North American red squirrel (Tamiasciurus hudsonicus). Red squirrels are good study animals for addressing questions relating habitat and demography for several reasons. Because both male and female red squirrels usually defend nonoverlapping territories year round (Larsen and Boutin 1995; Rusch and Reeder 1978; , their survival might be at least partially correlated to the type and quality of their local habitat (e.g., Larsen et al. 1997; Stuart-Smith and Boutin 1994) . In addition, juvenile red squirrels make roundtrip forays or shortterm explorations into the environment around their natal territory prior to settlement (Larsen 1993; Larsen and Boutin 1994; Sun 1997) . These excursions allow, at least in theory, individuals to gain knowledge of their surrounding habitat. Where fitness is affected by habitat type, and where reliable habitat quality cues exist, there should be selection for juvenile squirrels that recognize and select for the optimum available habitat.
Here we present the results of a 2-year study on red squirrel demography, habitat use, and dispersal across contrasting adjoined habitats. Our goal was to understand how natal dispersal and subsequent settlement patterns were affected by habitat heterogeneity at our site, in terms of both the physical environmental differences and the corresponding demographic and individual habitat use differences exhibited by red squirrels in each habitat. We conducted our study in a forested area containing a clear transition line or ''hard edge.'' To the north of the line lay intact mature forest, and to the south lay commercially thinned forest. We improved the resolution of our analyses by separately categorizing those squirrels living along or next to the edge. These animals were more likely to have experience in both habitats as compared to squirrels embedded deep in either habitat. The resultant 4 habitat categories therefore were thinned forest (ThF), thinned edge (ThE), mature edge (ME), and mature forest (MF). We predicted that squirrels living in MF would have access to better resources, translating into different demographic characteristics and individual habitat use.
We measured density and survival across habitats to understand the demographic parameters of the squirrels living in each habitat. To compliment mark-recapture estimates of survival, we examined the number of mortalities observed among radiocollared animals from each habitat. Territory size is a potential indicator of territory quality and the relative abundance of resources available per unit of habitat (Harestad and Bunnell 1979; Hixon et al. 1983; ; therefore we compared estimates of territory size across habitats. Body size and/or body mass also can indicate the level of resources available to an individual and an individual's ability to actively defend its territory (Stuart-Smith and Boutin 1994) . We compared the minimum recorded body mass of adult squirrels across habitats as a method of establishing whether or not squirrels in any of the habitats maintained relatively high body mass.
Because of the territorial nature of squirrels, we also documented aggressive interactions between animals within the different habitats. Aggressive behavior can result in reduced vigilance and increased risk of predation (Price et al. 1990 ), increased risk of injury, loss of territory and reduced reproduction (Stuart-Smith and Boutin 1994) , and increased energy costs. A high level of aggression by individuals from a given habitat might indicate high intruder pressure in more optimal habitat (and perhaps the perception of high habitat quality), or conversely, efforts by individuals in suboptimal habitat to acquire new territories (e.g., Stuart-Smith and Boutin 1994) . Finally, we documented natal dispersal to determine whether juveniles originating from different habitats exhibited different settlement patterns, or bias, for 1 habitat over another.
MATERIALS AND METHODS
Study area and habitat characterization.-Our research site was located approximately 30 km southwest of Kamloops, British Columbia, Canada (50.408N, 120.208W) in the Interior Douglas-fir biogeoclimatic zone (Fig. 1 ). Elevation at this site varied from 1,400-1,520 m above sea level. Douglas-fir (Pseudotsuga menziesii var. glauca), white spruce hybrid (Picea glauca Â engelmannii), and lodgepole pine (Pinus contorta var. latifolia) were the most abundant tree species. Black cottonwood (Populus trichocarpa) and trembling aspen (P. tremuloides) were present in various sized patches.
The site contained abrupt transitions between MF (upper age limit of 120-140 years old) and commercially ThF (upper age limit of 81-100 years old; Fig. 1 ). The ThF was logged between 1962 and 1971, with removal of approximately 60-70% of the mature volume. The stand was selectively harvested, with mature Douglas-fir (100-250 years old) as the main component removed, along with small complements of mature lodgepole pine and spruce. The ThF typically was patchier than the MF, and was characterized by significantly smaller trees, more variable tree density and a sparser canopy (Haughland 2002) . Physical features important to squirrels typically were more abundant in the MF, including large snags that could be utilized as protective food caches (Andrén and Delin 1994; Vahle and Patton 1983) ; central areas of large, tall cone bearing trees with interlacing branches suitable to escape predators, protecting their nest and/or platform from weather, and supplying a central food supply (Fancy 1980; Rothwell 1979; Vahle and Patton 1983) ; and moist, shaded patches of forest floor where cones could be cached over winter without either drying up or rotting (Rothwell 1979) .
Density, survival, and minimum body mass.-We created a grid with units 30 Â 30 m on a 31-ha transition area within the site, with approximately 17 ha of ThF south of the edge, and approximately 14 ha of MF north of the edge. Grid lines and stations were marked with flagging ribbon and/or wooden stakes. An additional 51 ha were added to the grid in 2001, extending the grid 26 ha north and 25 ha south so that it encompassed a total area of 82 ha (Fig. 1) .
We conducted livetrapping censuses in May and August, and additional trapping was conducted throughout the grid during the entire 4 month field season. Tomahawk live traps (Tomahawk Live Trap Company, Tomahawk, Wisconsin) were placed at middens (cone caches or hoarding sites) and feeding sites (piles of cones and bracts). Each major trapping census consisted of a minimum of 3 days of prebaiting (peanut butter and/or sunflower seeds) and 3 days of trapping. Conservatively, we logged 1,596 trap hours in 2000, 4,359 trap hours in 2001, and approximately 585 trap hours in 2002. Captured squirrels were marked with numbered metal ear tags (Monel #1005-1, National Band & Tag Company, Newport, Kentucky). Small, colored discs were added to female and juvenile ear tags to aid in visual identification (Larsen and Boutin 1994) . We recorded identity, location, sex, reproductive status, body mass, presence of injuries, and behavior after release for each trap event.
Following Larsen and Boutin (1994) and Wheatley et al. (2002) , we focused on complete enumeration of the population of animals, rather than relying on mark-recapture estimates. Density was calculated for spring (May-June) and summer (July-August) using census data and additional trapping and radiotelemetry data acquired each season. We determined our methods to be reliable for censusing populations by comparing data from different seasons: only 2 squirrels were missed during a seasonal census and later located within the grid. Squirrels were classified as originating in MF, ME, ThE, or ThF when analyzing reproductive success and in all further analyses. Edge animals were individuals trapped and/or located within both habitats, and were classified as mature edge or thinned edge animals depending on which habitat they were located in most often. Radiocollared individuals (which included the majority of females and juveniles) were classified using radiotelemetry and trap event locations, whereas males were classified almost entirely on trap event locations.
We assigned female reproductive status using nipple condition (Becker 1992; Layne 1954 ) and general body shape. A female was deemed reproductively successful if she was observed with juveniles or had juveniles trapped in her territory at the predicted time of emergence. We classified a female as unsuccessful if she ceased lactation prematurely (i.e., her nipples returned to prelactation size and fur returned around the nipples shortly after parturition), suffered nest predation, or was never seen with juveniles nor were juveniles found in or near the nest area at the predicted time of emergence, despite extensive trapping and radiotracking of the female.
When comparing body mass of adult squirrels across habitats, we used the initial recorded mass for individuals caught only once, and the minimum recorded mass for individuals caught multiple times, except for those minimum masses that were collected from females immediately postpartum. These latter masses were replaced with the next lowest mass recorded for the individual. As male squirrels were 4-8% heavier than female squirrels (1-tailed t-test, t ¼ 3.24, d.f. ¼ 140, P , 0.001), we examined each sex separately for differences in body mass between habitats.
Two methods were used to estimate survival. First, we estimated overwinter survival by examining the proportion of animals recaptured the following year. Animals present in August that were not recaptured the following spring were considered mortalities. Due to time constraints, we did not trap for juveniles that settled outside of the grid during the previous year ( Female territory size and aggression.-To map natal territories and estimate female territory size, reproductive females were radiocollared and located using a handheld 3-element Yagi antenna and receiver over the range of daylight hours (0500-2200 h). Squirrels were radiocollared without anaesthetic by directing them from the trap into a tight cloth cone where their head and shoulders could be exposed for radiocollaring (Becker et al. 1998) . Radiocollars consisted of Holohil PD-2C radiotransmitters (Holohil Systems Ltd., Carp, Ontario, Canada) fitted around the neck with insulated wire sheathed in surgical tubing. The average mass of a radiocollar (4.5 g) was equivalent to 1.5-4% of squirrel body mass, depending on age class. Behavior, location, and habitat measures were recorded at each subsequent squirrel radiotelemetry location. Nest locations and territorial boundaries were determined using behavioral observations made during radiotelemetry. Following Lair (1987) and Larsen (1993) , individuals were deemed to be within or on the border of their own territory if at least 1 of the following behaviors was observed: territorial vocalizations (mainly rattling, Lair 1990), foraging, resting or eating for !2 minutes in 1 locality, emergence from, location in, or construction of a nest. Territories were mapped using 100% minimum convex polygons (MCPs-Mohr 1947) , constructed using territorial locations only (Price et al. 1986 ).
The number of locations during which an aggressive interaction or vocalization was observed also were compared across habitats. Radiocollared adult females were located 10-59 times during the field season, with the time between locations ranging from 30 min to 14 days. Observers located each animal, noted any behavior or interactions, and then left the area (usually within 5-10 min). Aggressive interactions included chases and fights (but excluded aggression observed between a female and her juvenile(s)), and territorial or aggressive vocalizations (combinations of growls, barks, rattles, and/or screeches).
Juvenile emergence and settlement. -Following Lair (1985) and Tonkin (1983) , we estimated parturition and juvenile emergence dates based on the following, in order of decreasing priority: (1) observations of mating events, (2) observations of females moving preemergence juveniles from 1 nest to another, (3) maternal trapping records (mass gain followed by abrupt loss of at least 10% of body mass and changes in reproductive status), (4) repeated observations of females in underground or tree nests over a period of a 1-2 weeks, and (5) masses of juveniles trapped in the area at the estimated date of emergence, with 2 g/day as the estimated average growth rate based on more complete juvenile records.
Juvenile red squirrels emerge from the nest approximately 40-50 days after birth, and are usually weaned by the time they are 70-80 days old (Larsen 1993) . Beginning a week prior to estimated emergence dates, each female was monitored for 30 min to 1 h daily until juveniles were observed, or until subsequent trapping or radiotelemetry indicated reproductive failure (i.e., mortality of the female, nest predation, or abrupt cessation of lactation). Once juveniles were observed, the number of traps and the frequency of livetrapping in the vicinity were increased to capture as many juveniles as possible.
Juveniles were radiocollared when they attained a body mass of !115 g. Radiocollared juveniles were located at least once every 1-4 days, preferably during their hours of highest activity (0800-1100 h and 1300-1900 h- Boutin and Larsen 1993; Pauls 1978) . Radiocollars were removed shortly after juveniles became territorial, or at the end of the field season. When a juvenile could not be relocated, the area within a 2-km zone around the grid was searched extensively. Searching occurred both on foot and using a truck-mounted antenna. If an animal still was not found, additional traps were set for at least 2 days in the area around the squirrel's last known location.
We considered a juvenile to be territorial after it was consistently observed caching cones, building nests or platforms, barking, rattling, and/or responding to territorial calls by neighboring squirrels within the same area of the grid (Lair 1987; Larsen 1993; Larsen and Boutin 1994) . The position of each juvenile's territory was estimated using radiotelemetry locations acquired postsettlement (number of locations ranged from 1-40, X ¼ 9). Because dispersal distances generally are relatively short in red squirrel populations, classic definitions of philopatry and emigration do not fully depict settlement patterns. We adopted the following terminology from Larsen and Boutin (1994) as a better way to describe dispersal (settlement) patterns in red squirrel populations. Philopatric individuals were classified as Class I dispersal-juvenile territory lies on or is contiguous with the natal territory, or Class II dispersal-juvenile territory is spatially separated from the natal territory. Juveniles could not acquire Class II territories without leaving the natal territory completely. We classified juveniles that left the area of potential regular contact with their mother as emigrants.
Data analyses.-We checked all data for normality and homoscedasticity, and where necessary, transformed the data and/or resorted to nonparametric tests. Unless otherwise noted, all values are reported as mean 6 1 SD. Analyses were conducted using SPSS version 10.0.5 software (SPSS Inc. 1999) .
RESULTS
Success at monitoring individuals.-We captured a total of 218 individual squirrels during our study, 76 in 2000 and 142 in 2001. We successfully monitored 40 of 45 radiocollared juveniles (89%) and 48 of 50 radiocollared adult females (96%) until death, radiocollar removal, or settlement (juveniles). Five juveniles disappeared and could not be relocated despite extensive trapping and radiotelemetry, and 2 adult females lost their radiocollars and were not identified thereafter. Radiocollared females represented 64% (50/78) of the total number of individual adult females trapped at the site. Of the 218 squirrels eartagged during 2000 and 2001, 15 (7%) were retagged individuals that had lost both of their ear tags and for which we could not ascertain their original identification.
Did demography differ between MF and ThF?-Density in MF was higher than in ThF in 3 out of 5 census periods, with ThF density dropping steadily from spring 2000 to summer 2001 (Fig. 2) . In 2000, red squirrel density (squirrels/ha) averaged 1.5 times higher in ThF as compared to MF, over season, sex, and age class (Fig. 2) . However, this trend reversed in 2001 and 2002-density averaged 1.4 times higher in MF, again over season, sex, and age class.
Reproductive success differed significantly between habitats, with females from MF experiencing the highest observed success, while the lowest success rate was observed in ThF females (G ¼ 8.56, d.f. ¼ 3, P ¼ 0.036; Fig. 3 The average overwinter survival rate was higher in mature habitat than thinned habitat, but the difference was not significant (1-sided Fisher's exact test, P ¼ 0.135). Adult overwinter survival varied from 20-63%, with the highest estimates of survival in ME and MF (Table 1 ). Juvenile survival rates were more variable, fluctuating drastically both between years and between habitats (Table 1 ). Both total adult and juvenile overwinter survival increased in 2002.
Incidences of adult female mortality were documented more often in ThF than in any other habitat (G ¼ 8.03, d.f. ¼ 3, P ¼ 0.045; Fig. 4 ). However, 2 MF females lost their radiocollars and thereafter were not relocated. If these females were treated as mortalities, the difference in mortality rate across habitat became nonsignificant (G ¼ 3.39, d.f. ¼ 3, P ¼ 0.336). Juvenile mortality appeared equal across all 4 habitats (lost animals considered alive: Fig. 4) .
The body mass of adult male squirrels differed significantly between habitats (F ¼ 3.95, d.f. ¼ 3, 74, P ¼ 0.011, Fig. 5 ).
Post hoc analysis revealed this trend was caused by MF males being significantly heavier than ThE males (9% heavier, Tukey HSD P ¼ 0.018). Female squirrels remained relatively close in size across all habitats (F ¼ 1.54, d.f. ¼ 3, 60, P ¼ 0.214; Fig. 5) .
Did adult female habitat use and behavior differ with habitat?-Estimates of territory size were constructed using 6-42 territorial radiotelemetry locations for each animal. Thirtyseven females were tracked during only 1 field season; 4 females were tracked during both 2000 and 2001. Mean territory size in 2001 was 1.8 times larger than in 2000; therefore we included year as a random factor when examining habitat effects on territory size. Territory size differed between habitats (F ¼ 2.67, d.f. ¼ 3, 40, P ¼ 0.060, log transformed data, nonsignificant interaction term removed), with ThE and ME females using the largest area, followed by ThF squirrels and MF squirrels (Fig. 6) . Because of the small sample size for ThE habitat (4 animals) and similarity in territory size and variability to ME, we combined these 2 categories for subsequent analyses. Territory size along the edge between the 2 habitats was significantly more variable in size than in either MF (1-tailed variance ratio test, F ¼ 10.03, d.f. ¼ 16, 10, P ,
-Comparison of proportion of female red squirrels successful at raising !1 juvenile to emergence in British Columbia, Canada. Sample size for each habitat in parentheses. Females were considered successful if they were observed with a juvenile or had a juvenile trapped in their territory at the predicted time of emergence. Note that reproductive success was significantly higher in mature forest.
FIG. 4.-Comparison
of mortality rate of radiocollared red squirrels across habitats in British Columbia, Canada. Sample sizes in parentheses (adult females, juveniles). Incidences of adult female predation or death due to illness were documented more often in ThF than in any other habitat. A confounding problem of MCP estimates is the large number of locations required to reach an asymptotic area (White and Garrott 1990) . To determine whether increasing locations affected territory size, and whether there was an interaction with habitat, we regressed observed MCP area against the number of locations used to construct the MCP for female territories from each habitat. The only regression that emerged significant was that of ThF females, whereby MCPs constructed with more locations were larger in area (MF: F ¼ 3.93, d.f. ¼ 1, 9, P ¼ 0.079; ThE and ME:
This indicates that we might have underestimated territory size in ThF, but does not compromise our conclusion about relative territory size (i.e., females from MF maintained smaller territories than either of their edge or ThF counterparts).
The frequency of observed aggressive interactions and/or vocalizations were approximately equal across habitats (ME: 17 6 10%, n ¼ 13; ThE: 16 6 15%, n ¼ 4; MF: 13 6 5%, n ¼ 11; ThF: 13 6 5%, n ¼ 17; F ¼ 0.41, d.f. ¼ 3, 41, P ¼ 0.746, arcsine square-root transformed). Similarly, adult females from all 4 habitats were equally likely to be observed in at least 1 fight or chase (G ¼ 1.95, d.f. ¼ 3, P ¼ 0.583).
Did juvenile settlement differ between habitats?-Mature forest and ThF juveniles all settled in the type of habitat in which they were born, whereas juveniles born in edge territories exhibited more variation in settlement (Fig. 7) . Seventy-three percent of ME juveniles settled north of their natal territory, embedded within MF, while 40% of ThE juveniles moved south into ThF habitat.
The majority of juveniles (90% or 35/39) settled on or adjacent to their natal territory (Class I philopatry), regardless of their habitat of origin (Fig. 8) . Of 4 juveniles that settled off of their natal territory, 3 originated from thinned habitat. Two of the 4 juveniles exhibited Class II philopatry (5%), characterized by noncontiguous natal and juvenile territory boundaries. Both cases of Class II philopatry were documented in 2001, once in ThF and once in MF. The final 2 juveniles exhibited what appeared to be emigration (moving out of potential regular contact with their mother): both originated from thinned habitat during 2000. Both emigrants were males: the 1st was a relatively large juvenile that successfully relocated 4.5 km from his natal territory to a plantation composed of Douglas-fir, lodgepole pine, and spruce. The 2nd emigrant was a male that died from serious injuries when 2.3 km from his natal territory.
Of Class I settlers, 6 (17%) were bequeathed part or all of their natal territory (i.e., their mother left her natal territory, enabling juvenile(s) to settle within the natal territory). Three Class I settlers (9%) settled on all or part of their mother's territory after she died, and 9 (26%) were known to settle in an area previously visited by their mother over the course of the summer. Seven of 9 mothers known to bequeath were from MF, and all 3 (100%) mothers that succumbed to predation came from ThF.
DISCUSSION
During our study, mature-forest adult females were more successful at raising offspring to emergence, and squirrels living within mature forest maintained smaller territories than those living in edge or thinned forest (Table 2) . These results support our original prediction that squirrels in mature forest had better resources available to them, which translated into differences in demography and individual habitat use. However, the majority of juveniles from across all habitat categories settled close to or within their natal territory, and with the exception of mature edge juveniles, within the habitat type in which they originated. Juveniles born in mature edge territories were the only group in which there was a settlement bias for mature forest.
Demography and habitat use across habitats.-The trends we documented in population and individual-level responses support the prediction that squirrels living within mature forest were relatively advantaged. Mature-forest squirrel density increased each spring despite apparently high winter mortality, indicating that squirrels immigrated to the mature forest and/or reproduction was high enough to replace individuals lost to mortality. During the same period, thinned-forest squirrel density decreased steadily. In addition, mature-forest adult females exhibited the smallest territory sizes. Habitat analyses conducted in 2001 indicated that while the number of cones produced per tree was similar across habitats, the average number of cones available per unit area likely was more consistent in mature forest due to less variable tree density (Haughland 2002 ). Other researchers have found similar relationships between food availability and density (Rusch and Reeder 1978; M. Smith 1968; Dhondt 1988, 1990) and food availability and territory size (inverse relationship- Rusch and Reeder 1978; Wauters and Dhondt 1992) .
The relatively large territory sizes exhibited by squirrels embedded in thinned forest also support the argument that thinned forest represented less favorable habitat. These animals might have used larger areas because of forest patch size and the interspersion of good squirrel habitat with openings and gaps in the forest created during harvest. Rusch and Reeder (1978) found that territorial behavior was less evident in disturbed areas, whereas Gurnell (1984) determined that territory edges appeared more diffuse when the squirrel bordered poor habitat. Similarly, Kemp and Keith (1970) documented transient territoriality in patchy habitat. Our results concur: in the thinned forest, squirrels showed less defined territoriality (minimum convex polygon estimates of territory size increased as the number of locations increased rather than reaching an asymptotic size). Although the aforementioned studies examined areas of naturally poor squirrel habitat, their general findings appear to hold true for anthropogenically disturbed sites such as our own (Herbers 2001; Sullivan and Moses 1986) . Herbers (2001) determined that increased harvesting levels resulted in decreased squirrel density and larger territory size 2-4 years posttreatment, and Sullivan and Moses (1986) found that squirrel density was lower in thinned stands of lodgepole pine than in either mature or juvenile stands.
Given the apparent advantages to living in mature forest, it is possible that the large territory size and slightly elevated aggressive behavior exhibited by some edge females were attributable to efforts to secure higher quality territories. Squirrels from all habitats were observed to shift territories over winter; 2 juveniles that settled in thinned habitat in 2000 were discovered living within mature forest the following year (Haughland 2002) . In addition, adult females living along the edge may have biased their habitat use towards mature forestthis would explain the small number of edge animals that could be classified as thinned edge (24%-4 thinned edge compared to 13 mature edge). Despite the normally territorial nature of red squirrels, shifting between contrasting habitats has been either documented or inferred by previous researchers (Lurz Wheatley et al. 2002; Wolff and Zasada 1975) .
Territorial shifting can contribute to more stable densities in higher quality habitat as animals move in to fill vacancies created by mortality. However, the short duration of our study did not allow us to determine whether the mature forest habitat at our site is consistently of higher relative quality. Density fluctuated within both habitats, and was initially higher in thinned forest. Other researchers have noted strong fluctuations of density in both relatively poor habitat (S. vulgaris-Lurz et al. 1997; Wauters and Lens 1995) and habitat historically rated as high quality for red squirrels (Wheatley et al. 2002) . These variations may be attributable to factors such as fluctuating resource availability (e.g., Wheatley et al. 2002) or fluxes in population size resulting in the exclusion of a relatively high number of individuals from optimal habitat (Van Horne 1983; Winker et al. 1995) . Further research is needed to determine if thinned forest at our site is consistently of lower quality.
Natal dispersal outcomes.-Regardless of relative habitat quality, juveniles observed in our study largely settled within or close to their natal territory. In addition, the immediate consequences for doing so appeared to be weak. Regardless of habitat selected, juveniles appeared equally likely to survive their first winter. The reasons for the overwhelming degree of philopatry are unclear. One constraint for a territorial animal such as a red squirrel is that there might not be opportunity for individual preference to be translated to selection. In many situations, it is debatable whether juveniles are able to regularly demonstrate preference (see discussions in Bekoff et al. 1989; Boughton 2000; Larsen and Boutin 1995) . For example, although Herbers (2001) concluded that squirrels were distributed across altered habitats in an ideal free manner, other studies have found squirrel populations to fit a more despotic distribution (Klenner 1991; Wauters et al. 2001 [S. vulgaris] ). Hence, juveniles might be excluded from mature forest by dominant adults or by other juveniles born in the mature forest (Fretwell and Lucas 1969-ideal despotic distribution; Pulliam and Danielson 1991-ideal preemptive distribution) .
If habitat quality is an important settlement cue however, juveniles born in edge habitat with potentially more opportunity and experience in both habitats might be more likely to exhibit habitat preference. This could explain the high proportion (73%) of mature edge juveniles that settled within mature forest, and the relatively low proportion (40%) of thinned edge juveniles that settled within thinned forest.
The observed settlement pattern also might have resulted from either natal habitat selection by juveniles, opportunistic settlement, or perhaps most plausibly, some combination of the two. Researchers have documented many advantages for philopatric juveniles (Morris 1991; Pärt 1995; Stamps 1987) ; the value of experience might be higher than any advantage gained by dispersal to a relatively foreign, albeit superior, habitat. Larsen and Boutin (1995) found that dispersing juveniles never passed up vacant territories-the importance of having a territory appeared to outweigh potential costs incurred by settling on a relatively poor territory.
Opportunities for settlement also likely are more common around the natal territory. As a result of day-to-day activities both prior to and during their exploratory phase, juveniles likely spend proportionally more time around their natal territory and thus would be more likely to encounter a vacant territory around their natal home range. In addition, juveniles might have a unique opportunity at home: a female might bequeath her territory, allowing her juvenile to settle on the natal territory. In fact, 23% of juveniles known to settle in our study were able to settle within their natal territory because of bequeathal (mainly mature-forest juveniles) or maternal mortality (thinned-forest juveniles). Females from mature forest might have been more likely to bequeath part or all of their territories because the costs of doing so were relatively low (Berteaux and Boutin 2000) . A female's experience within higher quality habitat might have made it more economical for her to relocate, allowing her offspring to settle quickly and safely, potentially increasing the female's overall fitness. Similarly, juveniles from thinned habitat were provided the opportunity to take over their natal territory after their mother's death. However, local vacancies in thinned forest could have come at a cost. The relatively high rate of maternal mortality in thinned forest could have disadvantaged juveniles as they were deprived of a valuable role model (Weigl and Hanson 1980) .
Other events that might have precipitated an overwhelming degree of philopatry were both large scale and local resource availability. Studies of squirrels and other taxa have found that philopatry is more common during years of high resource availability (Adriaensen et al. 1998; Kemp and Keith 1970) . On a large scale, the cone crop in 2001 appeared to be relatively abundant across habitats (Haughland 2002) .
Conclusion.-Despite apparent demographic and habitat use differences that appear to reflect different habitat qualities, dispersal outcomes were highly philopatric across all habitats. Juveniles in our study did not appear to change their immediate fate by relocation. However, despite the predominantly philopatric settlement pattern, there appears to be some evidence that juveniles born along the transition were more likely to settle within mature forest or remain along the edge rather than settling in commercially thinned forest. Settlement appears to have been affected by a combination of habitat heterogeneity, opportunity, and familiarity.
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